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Abstract:
Background: Pulmonary vein isolation with phased radiofrequency current and use of a pulmonary vein ablation catheter (PVAC) has recently been associated with a high incidence of clinically silent brain infarcts on diffusion-weighted MRI, and a high microembolic signal (MES) count detected by transcranial Doppler.
Objective: to investigate the potential correlation between different biophysical parameters of energy delivery (ED) and MES generation during PVAC ablation.
Methods: MES counts during consecutive PVAC ablations were recorded for each ED and time-stamped for correlation with temperature, power and impedance data from the GENius 14.4 generator. Additionally, catheter-tissue contact was characterized by the template deviation score, calculated by comparing the temperature curve with an ideal template representing good contact, and by the respiratory contact failure score, to quantify temperature variations indicative of intermittent contact due to respiration.
Results: A total of 834 EDs during 48 PVAC ablations were analyzed. A significant incease in MES count was associated with a lower average temperature, a temperature integral over 62
• C, a higher average power, the total energy delivered, higher respiration and template deviation scores (p<0.0001), and simultaneous ED to the most proximal and distal poles of the PVAC (p<0.0001).
Conclusions: MES generation during ablation is related to different indicators of poor
electrode-tissue contact, the total power delivered and the interaction between the most distal and the most proximal electrodes. Importantly, the majority of the MESs were demonstrated to be generated during the energy delivery (ED) phase of PVAC ablations (8) .
Limited data are available regarding the mechanism of MES generation during RF ablation. In this study, we compared the MES counts recorded during ED with the highresolution biophysical data collected from the generator during phased RF ablation in a consecutive series of patients. We hypothetized, that some biophysical data specific to this multielectrode ablation technology were potentially related to microembolization. These included the number of electrodes on and the unipolar/bipolar ratio during ED, the simultaneous use of the most proximal and the most distal electrodes during RF applications and metrics indicating poor or variable electrode-tissue contact.
Methods
Study population, patient preparation:
Forty-eight consecutive patients undergoing PVI for symptomatic paroxysmal or persistent AF not adequately controlled by at least one antiarrhythmic drug were eligible for inclusion in the study. Exclusion criteria included long-standing persistent AF, known bleeding disorders and a contraindication to oral anticoagulation. The study conformed with the guiding principles of the Declaration of Helsinki, and were approved by the Institutional Ethics Committee. All patients provided their signed written informed consent prior to inclusion.
On the day before ablation transesophageal echocardiography was performed to exclude the presence of a cardiac thrombus. All patients received oral anticoagulation before the PVI, with a target international normalized ratio of 2.0 to 3.0, which was maintained for the procedure. Generator files for each ablation during the procedure were collected. The files included information on the ablation (mode, electrodes enabled), the power for each electrode sampled at 1 Hz, and the temperature for each electrode sampled at 8 Hz. Parameters analyzed off-line for potential correlation with the MES data included the bipolar/unipolar ratio, the average power delivered, the total energy delivered, the number of electrodes on during the ED, the simultaneous use of E1 and E10, the average temperature, and the presence of a temperature overshoot. A temperature overshoot was defined as ≥62
• C during the ED, and the integral over 62
• C was calculated as the area under the temperature curve above 62
• C. Statistical analysis:
Gaseous and solid signal counts were summed (total MES). As bilateral recording of MCA was not possible in all cases, mean MES counts per MCA were calculated, using either the mean of the bilateral counts when both sides were measured, or the unilateral data when only one side was available To improve normality, signal count data were natural logtransformed, and ablation parameters were transformed by using whichever formula (square, square root or natural log) provided the closest fit to a normal distribution.
Relationships between ablation parameters and total MES count were descriptively quantified using unadjusted Pearson's correlation coefficients (r) as a first approach.
For in-depth analysis multilevel mixed-effects linear regression was used to evaluate the effect of ablation parameters on the total MES count. Models were adjusted for total energy delivered and average temperature. Interaction terms were used to assess effect heterogeneity across levels of potential effect-modifying factors. Fixed effects were expressed as estimated differences in the log-transformed outcome, 95% confidence intervals, and p values. Model checking was based on inspection of the normality of residuals.
Applications were excluded from the analysis if temporary signal problems on the TCD occurred. Additionally, energy delivery sessions interrupted earlier than 40 seconds were excluded from the respiratory contact failure, the template deviation and the number of active electrodes analyses. As previous MR data indicated that the phased RF technology with the PVAC might be more thrombogenic as compared with irrigated RF ablation, our analysis was focused on some distinctive features of this technology.
The E1-E10 interaction is the only known predictor of new lesions on DW MRI after a phased-RF ablation (10, 11) . Furthermore we recently demonstrated that the number of microemboli detected by TCD during PVI was higher on the concomitant use of E1-E10 (8).
This is probably due to a reduced interelectrode distance or electrode overlap when the PVAC loop is compressed which may result in an increased local current density and thereby increased MES production. Significantly higher MES counts with coactive E1 and E10 were also demonstrated in this study, despite a careful fluoroscopic assessement of the electrode positions. We propose two possible explanations: (a) the E1-E10 interaction was due to catheter displacement resulting in a shortened E1-E10 distance during the ablation; (b) the E1-E10 combination was used almost exclusively when most of the electrodes were also enabled, resulting in a higher total energy delivery which was an independent predictor of MES production in this study. Importantly, an impedence drop below 110 Ohms, considered Intermittent contact has also been proposed as a potential mechanism of embolus formation during ED. This appears to be the first investigation of the role of improper tissuecatheter contact in microembolus production during RF ablation. It is known that lower average temperatures achieved with a non-irrigated catheter usually indicate an improper electrode-tissue contact, and higher power is necessary to achieve the target temperature in these instances. Moreover, in the event of intermittent contact, the power increase during the off-contact period can lead to a temperature overshoot once better tissue contact is established (13) . We therefore evaluated the average power, average temperature and temperature integral over 62
• C as indicators of the electrode-tissue contact. To further characterize the contact during ED, a template deviation score was used to quantify the difference between an ideal and the real temperature. As contact problems may relate to respiration, a respiratory contact 
Conclusions:
Cerebral microembolization during ED with the PVAC catheter was associated with the total energy delivered and several biophysical parameters which can be linked to a variable or poor electrode-tissue contact: lower average temperature, negative template deviation score, temperature overshoots, respiratory contact failure score and increased average power. Concomitant RF delivery to electrodes potentially moving in close proximity to each other also accounts for MES formation. 
